ABSTRACT
million people have unilateral visual impairment owing to ocular trauma worldwide. Accidents leading to ocular trauma peak in the childhood and at geriatric age. [1] The majority (up to 90%) of these accidents are preventable. [2, 3] The detection and definition of the causes and characteristics of trauma enables clinicians to take the most adequate preventive measures. However, causes of ocular trauma and types
INTRODUCTION
The annual incidence of hospital admissions because of ocular trauma ranges between 8 and 15 per 100 000 individuals, and >10% of these patients develop vision loss. [1, 2] Approximately 1.6 million people are estimated to have vision loss, 2.3 million people have bilateral visual impairment, and 19
Cite this article as: Kutlutürk Karagöz I, Söğütlü Sarı E, Kubaloğlu A, Elbay A, Çallı Ü, Pinero DP, et al. Characteristics of pediatric and adult cases with open globe injury and factors affecting visual outcomes: A retrospective analysis of 294 cases from Turkey. Ulus Travma Acil Cerrahi Derg 2018;24: of injury may differ in time because of the implementation of preventive strategies, changes in working practices, and life style changes. [1] For all this, descriptive epidemiological studies on ocular trauma and its management in different regions of the world are necessary.
Open globe injury (OGI) is defined as a full-thickness injury of the sclera and cornea, which threatens vision and may result in blindness. [4, 5] Compared with closed eye injuries, open injuries have poorer prognosis. [6] [7] [8] OGIs, which represent a substantial proportion of ocular traumas, accounts for a substantial proportion of ocular trauma-related hospital expenditure (>60%) and supposes a significant financial burden. [9] The estimation of final visual acuity just after OGI is important for both patients and physicians who deal with its treatment. Thus, the precise definition of factors that influence the final visual acuity and knowing the characteristics of trauma according to geographical regions and characteristics of a population would be beneficial. This study aimed to evaluate 1-year follow-up results of cases diagnosed with OGI at our hospital, to compare trauma-related characteristics between pediatric and adult cases, and to assess risk factors that influence final visual acuity.
MATERIALS AND METHODS

Patients
Computerized data of cases with ocular trauma who were admitted to the Emergency Ophthalmology Clinic of Dr. Lütfü Kırdar Kartal Training and Research Hospital between January 2000 and December 2011 were retrospectively evaluated. IN this study, 294 patients aged between 1 and 85 years and who met the OGI definition and were followed up for at least 1 year were included.
Parameters Evaluated
Patient data regarding age, sex, time between injury and hospital admission, date of injury, follow-up duration, place of injury, types of objects that caused injury, presence of foreign body, type of trauma, location (zone), severity (grade), sites of trauma in the globe such as eyelid, primary surgery, additional surgery (multiple surgery), additional surgical procedures (keratoplasty, anterior chamber wash out, pupiloplasty, lens aspiration, phacoemulsification, anterior vitrectomy, scleral fixation, intravitreal injection, or vitreoretinal surgery), initial and final visual acuity, and ocular trauma score (OTS) of each patient were recorded.
Ocular traumas of patients included in the study were defined as penetration, perforation, intraocular foreign body (IOFB), or rupture according to the Birmingham Eye Trauma Terminology and Ocular Trauma Classification (OTC) group guidelines. [10] The term "penetration" was used for patients with a single laceration detected on the eye wall, the term "perforation" was used for patients with two full-thickness lacerations (entrance and exit) caused by the same agent, and the term "rupture" was used for patients with full-thickness injuries in the eye wall caused by a blunt object. Patients with a foreign body in the eye were considered as IOFB. Localization of injury was defined according to the OTC group guidelines: injuries only limited to the cornea were considered as zone I, those in the area covering the corneoscleral limbus to a 5-mm point posterior on the sclera were considered as zone II, and those extending their full thickness into the sclera at >5 mm posterior to the corneoscleral limbus were considered as zone III. The severity of a trauma was categorized into the following four grades according to Eagling criteria: grade 1 involving the cornea and anterior sclera with and without prolapse of the iris, grade 2 involving concurrent anterior segment and lens injury, grade 3 involving posterior segment injury and vitreous loss, and grade 4 involving extensive anterior and posterior injuries. [11] The OTS score for each patient was calculated based on initial visual acuity, rupture, endophthalmitis, perforating injury, retinal detachment, and afferent pupillary defect parameters. [12] All decimal visual acuity values recorded in the medical history of each patient were converted into the logMAR scale for statistical analyses. Three different groups of patients were defined according to the logMAR visual acuity obtained: ≤0.3, 0.3-1.0, and >1.0. A visual acuity of >1.0 was considered to be poor, whereas that of ≤0.3 was considered to be good. Besides a subdivision of the sample according to the level of vision, two additional groups were defined according to age: pediatric group comprising patients aged ≤16 years and adult group comprising patients aged >16 years.
All cases underwent a primary repair of OGI in the shortest time after admission (first 24 h). Patients with a corneal trauma and lamellar laceration without spontaneous leakage were followed up after fitting a therapeutic contact lens and prescribing topical antibiotic therapy. For cases that required a surgical procedure for repairing an injury, topical antibiotherapy was administered until surgery. In these cases, systemic antibiotherapy was not prescribed, only receiving intrachamber antibiotherapy intraoperatively and a subconjunctival injection of a combination of antibiotic and steroid postoperatively. Intravitreal antibiotherapy was administered to cases that were suspected of endophthalmitis, detected during the postoperative follow-up. For these cases, topical treatment was continued for at least 1 month after the surgery, and they underwent detailed ophthalmological examination at regular intervals. Additional surgeries were performed if required during the follow-up.
Statistical Analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) version 15.00 software.
In addition to descriptive statistics (mean, standard deviation, and frequencies), crosstab table and chi-square test were used to assess the significance of differences in percentages among the groups. For quantitative variables, two group comparisons were performed using Student's t-test for unpaired data that were normally distributed (checked with KolmogorovSmirnov test), whereas Mann-Whitney test was used for data that were not normally distributed. Moreover, the predicting factors for the final visual acuity were identified using logistic regression analysis. For all cases, the level of significance was considered to be p values of <0.05.
RESULTS
Of 294 study participants, 118 (40.2%) were included in the pediatric group (mean age, 7.67±4.15 years) and 176 subjects (59.8%) were included in the adult group (mean age, 36.85±15.00 years). The majority of accidents occurred at home, and most patients were admitted to the hospital within the first 24 h. The general characteristics of the pediatric and adult groups are presented in Table 1 .
Differences were detected between the pediatric and adult groups in terms of sex, place of accident, type of trauma, and cause of trauma. The ratio of male:female patient was significantly higher in the adult group than in the pediatric group. In the pediatric group, home was the most common place of accident, whereas in the adult group, office was the most common place of accidents. Penetrating injuries were more prevalent in the pediatric group than in the adult group. Regarding the cause of trauma, Sharp pointed objects, glass, and stones were the most frequent causes of trauma in the pediatric group, whereas sharp pointed objects, metal, wood, and traffic accidents were the most common causes of trauma in the adult group. Final visual acuity was >1.0 after an injury caused by wood in all pediatric cases and was >1.0 after traffic accidents in one of the highest percentage of adult cases (66.7%). Although visual acuity was observed to be more frequently better than 1.0 logMAR after traumas accompanied by foreign body in both adult and pediatric groups (74.1% and 66.7% in adults and children, respectively), the presence of foreign body did not have any significant effect on postoperative visual acuity (p>0.05). Trauma-related characteristics are summarized in Table 2 .
Zone I traumas were most frequent in both the groups, although differences among the age groups in the distribution of traumas according to zones did not reach statistical significance. Grade 2, 3, and 4 traumas were more frequent in the adult group than in the pediatric group, whereas the frequency of grade 1 injury was higher in the pediatric group than in the adult group. The presence of foreign body was significantly more frequent in the adult group than in the pediatric group. Regarding the surgical management of cases, the requirement of multiple surgical procedures was more frequent in the adult group than in the pediatric group. Cornea involvement was the most common site of trauma in both the groups, followed by iris involvement and lens injury. Eyelid involvement, traumatic cataract development, traumatic injury of lens, intravitreal hemorrhage, and retinal injury were more common in the adult group than in the pediatric group. There were no differences between the groups with regard to distribution of cases according to OTS. The characteristics of trauma according to OTS in the pediatric and adult groups are shown in Tables 3 and 4 , respectively. Although an increase was observed in penetrating injuries in the adult group as OTS progressed to 5 (i.e., improved), a decrease was determined in rupture injuries. In contrast, the distribution of types of trauma as a function of OTS was found to be more similar in the pediatric group. The frequency of multiple surgery increased in the adult group as OTS worsened (i.e., progressed to 1) (p<0.001). Likewise, the frequency of multiple surgeries was higher in the pediatric group as OTS progressed to 1 (rate was the highest for OTS of 2). In the adult group, the frequency of the presence of foreign body increased as OTS progressed to 4 (p=0.003). In the pediatric group, no difference was found between different values of OTS in terms of the presence of foreign body. Both initial and final visual acuity worsened as OTS worsened (progressed to 1) in both the groups. The surgical procedures performed are summarized in Table  5 . The frequency of vitreoretinal surgery was higher in the adult group than in the pediatric group. The frequencies of other procedures were found to be similar in both the groups.
Logistic regression analysis was performed to determine the factors that had an influence on the final visual acuity achieved 95% CI=0.000-0.247) was a protecting factor. In the pediatric group, a model was created using the same influencing factors as those in the adult group. Age (p=0.008; OR=0.826; 95% CI=0.718-0.950) was significant as a protecting factor, although no parameter was determined to be a risk factor.
DISCUSSION
Besides ocular trauma characteristics, including causes, place, mechanism of action, severity, and localization, it is necessary to determine the factors that influence the posttreatment visual acuity to define and initiate the most adequate preventive actions. Many epidemiological studies have reported that ocular trauma is more common among males than among females. [13] [14] [15] [16] [17] [18] [19] In our sample, ocular trauma was also more frequent in males, with the male:female ratios of 1.4:1 and 6:1 in the pediatric and adult groups, respectively.
Accidents leading to ocular trauma occurred in office and home among adult cases (39.2% and 36.4%, respectively), and the frequency in children of home accidents leading to ocular trauma was 80.5% and school accidents was 5.9% (p<0.001).
A study in Qatar evaluated 106 children aged <16 years who were admitted to a hospital after ocular injury and reported that 40.6% of traumas were OGI and that 42.5% of traumas occurred at home. [16] In addition, similar results were reported by studies in the literature. [19] [20] [21] A Chinese study comprising overall age groups reported that the majority of ocular traumas were work related and resulted in substantial loss of vision. [22] According to our outcomes and the results of all these studies, it appears recommendable to take measures at home to protect children from danger, as well as at work, by wearing safety goggles to prevent accidents leading to ocular trauma. Occupational accidents that cause ocular trauma in adults can be substantially prevented by education given within the scope of occupational health and safety and by encouraging the use of eye-protecting devices. [23] Different causes of ocular trauma have been reported, such as stone, wooden and metallic objects, household goods, entertainment objects, and firearm/penetrating/sharp objects. [15, [20] [21] [22] [23] [24] In the present study, the most frequent causes of ocular trauma were sharp pointed objects (34.7%), glass (16.1%), and stone (11.0%) in the pediatric group and sharp pointed objects (24.4%), metal (15.3%), wood (11.9%), and traffic accident (11.9%) in the adult group. Final visual acuity was more frequently >1.0 logMAR in the pediatric group when injured by wood (100%), whereas it was the highest in the adult group when injured after traffic accidents (66.7%). Although zone I traumas were more frequent in both the pediatric and adult groups (70.3% and 69%, respectively), no difference was determined between the groups in terms of distribution of traumas according to zones.
The rate of serious injuries increases with age. [25] In Italy, a 12-year retrospective evaluation of children aged <14 years revealed that hospitalization was required in 3% of overall ocular traumas. [18] In Greece, the rate of hospitalization owing to ocular trauma in all the age groups in a 9-year period was 7%. [14] In the present study, although the frequency of grade 1 injury was higher in the pediatric group than in the adult group, that of grade 2, 3, 4 injuries was higher in the adult group than in the pediatric group. This confirmed the hypothesis that the grade increases with age. The presence of foreign body was also more common in the adult group than in the pediatric group (15.3% vs. 5.1%; p=0.006). In in the adult group, the most common cause of injury was metal (40.7%), whereas in the pediatric group, the most common cause was sharp pointed objects (33.3%). Initial visual acuity was most frequently >1.0 logMAR in traumas accompanied by foreign body in both the groups (74.1% and 66.7% in the adult and pediatric groups, respectively). However, the presence of foreign body did not have an effect on postoperative visual acuity (p>0.05). This result contradicts that of many studies in the literature. This may be because of the small number of patients with IOFB in the study group. [26] Many studies have reported that the cornea and sclera are the most commonly involved areas in open injuries. [8, 13, 15, 16, 24, [27] [28] [29] Likewise, in the present study, cornea involvement owing to trauma was the most prevalent in both the groups, followed by iris involvement and lens injury. Eyelid involvement, traumatic cataract development, traumatic injury of the lens, intravitreal hemorrhage, and retinal injury were more commonly found in the adult group than in the pediatric group. In addition, eyelid involvement (p=0.005; OR=0.010; 95% CI=0.000-0.247) was a protecting factor. This protective effect may depend on the eyelid blinking activity that prevents globe penetration during trauma. Although studies in the literature have different findings related to eyelid involvement percentage, no clear results have shown the potential risk or protective effect of eyelid involvement, except a study from Israel. In Israel, 118 eyes (116 patients) with OGI were evaluated in a 10-year period, and eyelid injuries were associated with poor visual outcomes. [29] Despite differences in terms of the severity of trauma and the level of involvement of ocular structures, no difference was found between both the groups in terms of distribution of cases according to OTS. The fact that initial visual acuity is an important component in OTS calculation and the presence of foreign body is not included in such calculation may be factors that account for this finding. In the present study, OTS predicted the final visual acuity, and this prognosis became poorer as OTS worsened in both the pediatric and adult groups.
In our sample, primary surgery was performed in 61.2% of cases, and multiple surgeries were required in 37.1% of overall cases. The frequency of multiple surgeries was higher in the adult group than in the pediatric group (26.5% vs. 45.3%; p=0.001). In addition, the rate of multiple surgeries increased in adults as OTS worsened (p<0.001) and this similarly occurred in children, although the frequency of multiple surgery was higher in cases with OTS of 2 (p=0.024). According to this, OTS worsening predicts the potential requirement of multiple surgeries.
No significant difference was observed between the pediatric and adult groups in terms of the distribution of final visual acuity. According to all these outcomes and similar to adults, the final visual acuity was poor in our sample of children, although the severity of trauma and the need for multiple surgeries were lower in children than in adults.
Defining risk factors for a poor final visual outcome after ocular trauma is crucial to provide the most adequate information and counseling to patients with these types of traumas. Most studies in the literature reported that an age of <5 years or an increased age, eyelid injury, injuries with retrolimbal involvement, wound length of >5 mm, globe rupture, vitreous hemorrhage, retinal detachment, and relative afferent pupillary defect were risk factors for a final best-corrected visual acuity. [7, 8, 17, [29] [30] [31] [32] [33] [34] In our study, the risk factor analysis revealed that there was no significant parameter that affected final visual acuity in children, although age was the only protective factor. In adults, age, additional surgical procedure, and initial visual acuity were significant as risk factors.
In conclusion, OGI is more prevalent among males than among females. In children, majority of accidents leading to OGI occur at home, whereas in adults, majority of accidents occur in office. Penetrating injuries, most of them owing to sharp pointed objects, are more common in children than in adults. Foreign body injuries and multiple surgeries are more common in adults than children, with an increase in the frequency of high-grade injuries with age. OTS can be used to predict the requirement of multiple surgeries. In adults, age, multiple surgeries, and initial visual acuity are significant risk factors for the final visual acuity. To determine the causes and risk factors for OGI, a condition that can result in a serious loss of vision, it is crucial for taking adequate preventive measures and for decreasing morbidity. Education on preventing occupational risks should also include the causes of OGI and the preventive measures to avoid them.
